Maltosides of butanol, octanol, and lauryl alcohol were found for the first time to serve as substrates for cyclomaltodextrin glucanotransferase (CGTase), and glycosyl residue was transfered from dextrin to the substrate affording novel maltosides with 3-4 glucose units.
In the production of these materials, chemical and enzymatic reactions have been extensively studied to improve synthetic conditions and yields. Especially in recent years, the syntheses through biotransformation have been developed, as exemplified by the employment of supersaturated substrate solutions, 2, 3) aqueous-organic biphasic system, 4) enzyme immobilization, 5) and by searches for new enzyme sources. 6, 7) Physicochemical properties of non-ionic surfactants, such as water solubility and critical micelle concentration are largely dependent on the structure of the sugar part and the hydrophobic lipid group. The desired structure and properties of such compounds are of course different in different practical uses. Most of the approaches to producing non-ionic surfactants with different properties have focused on alkylation as well as esterification of sugars, including mono-and disaccharides with different fatty acids or different alcohols. [8] [9] [10] Another approach to tuning the hydrophilic/lipophilic balance in non-ionic surfactans is to alter the size-length of the saccharide chain by adding or reducing the number of sugar units in the glycosides or glycosyl esters.
CGTase catalyzes the transfer of dextrin units from cyclodextrin or longer dextrins to polyols, such as glycerol, sugars, and flavonoids.
11) It has been said, however, that when the substrate polyols are somewhat hydrophobic, they are not good substrates as glycosyl acceptors for the enzyme. In fact, there appears to be no example in which saccharides bearing highly lipophilic substituents serve as good substrates for CGTase. Hayashibara Biochemical Laboratories, Inc., developed a new CGTase produced by Bacillus stearothermophilus having improved catalytic activity with broader substrate specificity. This enzyme has been used there practically to increase the water solubility of hesperidine, making it usable as a food additive. Our recent study demonstrated that sucrose esters of lauric acid (12 carbons) can serve as substrates of CGTase, producing new glycosyl derivatives having 2-4 glucose units. 12) This study suggests that glycosides of hydrophobic alcohols may also be able to serve as glycosyl acceptors for the enzymatic reactions. No example of enzymatic reactions, however, appears to be reported so far on this type of substrate. Based on structural similarities to sucrose esters that have two glycosyl units (glucose and fructose), alkanol maltosides 3a-3c that also have two glycosyl units (glucose and glucose) are thought to be potential glycosyl acceptors of CGTase-catalyzed transglycosidation. Also, they are thought to have aqueous solubility similar to sucrose esters. Results from the glycosylation of the alkanol maltosides, as to whether it occurs or not, should provide useful information on the reactivity of other related substrates with different sugar parts and hydrophobic substituents. Thus in our present study, maltoside of alcohols 3a-3c that were synthesized according to Scheme 1 were subjected to CGTasecatalyzed transglycosylation. Anhydrous maltose was acetylated with acetic anhydride to afford peracetylated maltose, which was converted to the bromide 2 with titanium tetrabromide in dry dichloromethane in a nitrogen atmosphere at room temperature for 5 h. In this experiment, titanium tetrabromide has been found to be a good reagent as to product yield in the bromination of heptaacetyl maltose. 13) After purification by silica gel column, the bromide was submitted to reaction with alcohols at room temperature for 5 h in the presence of silver carbonate.
13) The products were purified by silica gel column chromatography, and each acetyl maltoside was submitted to deacetylation using aqueous sodium hydroxide. The maltosides 3a-3c thus obtained were submitted to reaction with CGTase-catalyzed transglycosylation using dextrin (10-15 glucose units) as a glycosyl donor. The reaction conditions were basically the same as those applied in the CGTase-catalyzed glycosylation of mono-lauroyl sucrose.
12) The spectral data for the isolated products are given in Table 1 and  ref. 14. Typically, a solution of octyl maltoside (3b, 240 mg, 0.47 mmol), dextrin (0.74 g, 10-15 units of glucose), and CGTase solution (0.74 ml, 1500 units/ml) in a mixture of acetate buffer (6.5 ml, pH 5.6, 0.1 M) and distilled water (1 ml) was stirred at 55 C for 24 h. Then, the enzyme was inactivated with boiling water for 5 min, followed by filtration and concentration under reduced pressure. The reaction mixture was analyzed by silica gel TLC (Fig. 1) . Figure 1A shows the TLC for the reaction mixture of butyl maltoside and dextrin. Several spots appeared, and the fractions of R f ¼ 0:29, 0.44 and 0.61 alone were isolated pure by silica gel chromatography eluted with CHCl 3 /CH 3 OH (3:1). The other eluted fractions were found to be contaminated with unidentified products. This difficulty in isolation has been due to the overlap of the reaction products with butyl glycosides and oligoglycoside fragments formed by the enzymatic hydrolysis of the dextrin. CGTase is an enzyme that can catalyse both transglycosidation and hydrolysis.
1 H, 13 C NMR (CD 3 OD), and ESI-MS spectral data for the fractions at R f ¼ 0:29, 0.44 and 0.61 are given in Table 1 . Since all the yields were evaluated based on their isolated products and complete isolation was not possible due to the partial overlap with others, spot intensity on TLC plate was not pallalel with the % yield described in Table 1 . For the fraction at R f ¼ 0:44 in Fig. 1A , as entry 1 in Table 1 shows, the ratio of the sum of the signal intensity for all the protons on the sugar rings without the hydroxy protons and that of the butyl group was 2.33, approximately equal to the value (2.31) calculated from structure 4. This indicates that a glucose unit was added to the maltosyl moiety in 3a. Moreover, three 1 H signals were observed at 5.13, 5.16 (-H, doublet, J ¼ 3:8 Hz, -1,4-linkages between two glucosyl parts) and 4.28 (-H, doublet, J ¼ 7:8 Hz, -proton at the anomeric carbon adjacent to the butoxy group), indicating that there were three anomeric protons in the product obtained from the fraction at R f ¼ 0:44, with an -glucosidyl linkage. This is not incompatible with the general feature that CGTase catalyzes cleavage or formation of a glucosidic bond in an -1, 4 manner. The 13 C NMR (CD 3 OD) spectrum also indicated three anomeric signals, at 100. 4 Numbering of the product glycosides of alcohols is also given here.
ESI-MS (positive mode)
of the fraction at R f ¼ 0:44 gave a molecular ion peak at m=z 578.2 as an ammonium ion, which coincided with m=z 578.3 [M + NH 4 ] þ , calculated from glucosylated maltosyl butylate 4. Combining all of these spectral data, the compound at the fraction of R f ¼ 0:44 should have triglucosylated structure 4. Likewise, the fraction at R f ¼ 0:29 (entry 2) was found to be tetraglucosyl butylate 5, which was formed by the addition of two glucose units. The fraction at R f ¼ 0:61 was found to be the substrate butyl maltoside 3a itself. Although not all the other fractions could be isolated pure, the fraction of R f ¼ 0:77 was considered to be a product that formed by the CGTase-catalyzed disproportionation of products Glc 3 - Bu 4 and Glc 4 -Bu 5 as well as substrate 3a. The fractions from the starting point (R f ¼ 0:0) to that of R f ¼ 0:13 might have been a mixture of polar butyl glycosides with more glucose units and/or dextrins, including cyclodextrins that formed from the substrate dextrin also catalyzed by CGTase. The reaction mixture obtained from the glycosylation of octyl maltoside 3b under the same conditions also gave several spots on TLC, as shown in Fig. 1B . In this case, too, the fractions at R f ¼ 0:25, 0.46 and 0.70 were isolated pure, and the compound at R f ¼ 0:25 was found to be octyl tetraglucoside 7, that of R f ¼ 0:46 to be octyl triglucoside 6, and that at R f ¼ 0:70 to be octyl maltoside (substrate 3b). The other fractions at R f ¼ 0:12, 0.38 and 0.77 that could not be isolated pure might have been mixtures of dextrins, possibly including cyclodextrins, some small dextrins, and a product that formed by the CGTase-catalyzed disproportionation of products Glc 3 -Oc 6 and Glc 4 -Oc 7 as well as the substrate 3b, respectively, as described above. A similar result was observed, as seen in Fig. 1C , for the reaction of lauryl maltoside 3c. Again, three products, lauryl tetraglucosde 7, triglucoside 6, and substrate 3c, were isolated and identified. Although the other fractions at R f ¼ 0:18 and 0.78 could not be identified due to nonhomogeneity, the first one might have been a mixture similar to those of R f ¼ 0:13 in Fig. 1A and 0.12 in Fig. 1B , and that at R f ¼ 0:78 might also have been similar to ones in Fig. 1A and B, as described above.
In the case of stearyl maltoside, with a longer carbon chain and more hydrophobic, new spots on TLC were found close to the starting point. The proton NMR spectrum of the product isolated showed, however, that the glycosyl moiety was much larger than those of the stearyl carbon chain. Therefore, it was not possible to determine correctly the number of glucose units in the product. Although we do not know what happens in this reaction, this result does not indicate that stearyl maltoside can not be a substrate of CGTase.
In summary, the present study indicates for the first time that CGTase can catalyse glycosyl transfer from dextrin to maltosides of primary alcohols with 4-12 carbon atoms. This ability of CGTase might potentially contribute to tuning of hydrophilic/lipophilic balance of alkyl glycosides affording neutral non-ionic surfactants with desired properties. 
